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Claim 

1 . Peptide and its salt expressed by the following equation. 
Leu-Lys-Pro 

2. Angiotensin-converting enzyme inhibitor having the peptide or its salt expressed by 
the following equation as the effective component. 

Leu-Lys-Pro 
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Detailed explanation of the invention 
Industrial application field 

This invention concerns a new peptide and angiotensin-converting enzyme inhibitor 
having said peptide or its salt as the effective component. 

Prior art 

The renin-angiotensin system as a representative in vivo factor which results in raising 
blood pressure and the kallikrein-kinin system as a representative in vivo factor which functions 
to lower blood pressure are known, and the angiotensin-converting enzyme (will be referred to as 
"ACE" below) contributes greatly to both of these systems. 

The mechanism will be briefly explained. First, in the renin-angiotensin system, the 
enzyme renin from the kidney which is secreted into the blood interacts with angiotensinogen in 
the blood, and forms angiotensin I, which is a decapeptide. This angiotensin I does not display 
the blood pressure raising action; however, when ACE interacts with this, it forms angiotensin II, 
which is an octapeptide. This angiotensin II contracts the peripheral blood vessels and also 
interacts with the adrenal cortex and promotes the production of aldosterone. Aldosterone 
interacts with the kidney and results in an increase in the heartbeat output rate through the 
invitation of the readsorption of sodium and an increase in the amount of body fluid. Both of 
them significantly increase the blood pressure. 

On the other hand, in the kallikrein kinin group, the kallikrein as the enzyme in the blood 
interacts with kininogen, which is a precursor protein in the blood, and frees and produces kinin. 
However, this kinin dilates the peripheral blood vessels and also activates phospholipase A2, 
promotes the synthesis of prostaglandins, and lowers blood pressure. However when ACE 
interacts with this kallikrein-kinin group, ACE breaks down and inactivates the aforementioned 
kinin, which has the dilating action of the peripheral blood vessels and the activation action of 
phospholipase A2, and lowering of blood pressure does not occur. 

Accordingly, when a substance which inhibits the aforementioned action by ACE (ACE 
inhibitor) is present, the formation of angiotensin II, which is a blood pressure raising substance, 
is inhibited, and the breakdown of kinin, which functions as blood pressure lowering substance, 
is prevented as well, and the control over raising the blood pressure and lowering the blood 
pressure becomes possible. 

From such a viewpoint, various types of research and development of ACE inhibitors 
have been implemented in recent years, and it has been reported that specific peptides that 
originate from natural proteins or through synthesis have the ACE inhibiting action. The ACE 
inhibitors originating from natural proteins that have been reported so far include bradykinin 
potentiator B (Pyr-Gly-Leu-Pro-Pro-Arg-Pro-Lys-Ile-Pro-Pro) and bradykinin potentiator C 
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(Pyr-Gly-Leu-Pro-Pro-Gly-Pro-Pro-Ile-Pro-Pro) that originate from the mamushi (both are 
described in H. Kato and T. Suzuki, Biochemistry, 10, p. 972 (1971)], milk casein originating 
peptides Phe-Phe-Val-Ala-Pro-Phe-Pro-Glu-Val-Phe-Gly-Lys (Japanese Kokoku Patent No. Sho 
60[1985]-23085), Phe-Phe-Val-Ala-Pro (Japanese Kokai Patent No. Sho 59[1984]-44323), 
Thr-Thr-Met-Pro-Leu-Trp (Japanese Kokai Patent No. Hei 2[1990]-20263), 
Ala-Val-Pro-Tyr-Pro-Gln-Arg, fish protein originating peptides 

Tyr-Lys-Ser-Phe-Ile-Lys-Gly-Tyr-Pro-Val-Met and Pro-Glu-Glu-Glu-Pro-His-Val-Leu, corn 
y-zein originating peptides Leu-Pro-Pro, Val-His-Leu-Pro-Pro, and Val-His-Leu-Pro-Pro-Pro, for 
example. The majority of these are peptides in which 5 or more amino acids are linked together. 

Content of the invention 

Under the aforementioned circumstances, the inventors of this invention also have 
advanced the research on the substances having the ACE inhibiting action. 

As a result, it has been discovered that a new tripeptide Leu-Lys-Pro, in which 
leucine-lysine-proline are arranged with an amino acid sequence different from the 
aforementioned existing ACE inhibiting peptide, can be isolated from a hydrolyzed milk serum 
protein, and this tripeptide has the ACE inhibiting action. 

Accordingly, this invention is a peptide and its salts expressed by the following equation. 

Leu-Lys-Pro 

This invention also includes the ACE inhibitor with the peptide or its salt expressed by 
the aforementioned equation as the effective component. 

The peptide having the aforementioned ACE inhibiting action in this invention was first 
discovered as a product through a hydrolysis treatment by the protease of a milk serum protein, 
in which all of the aforementioned 3 kinds of amino acids Leu, Lys, and Pro are L-amino acids in 
that case. However, without being limited only to these, any optical isomer can be used if it is a 
tripeptide having the aforementioned amino acid sequence, including tripeptides in which all of 
said 3 types of amino acids are made of D-amino acids, and tripeptides, in which any one or 2 of 
the 3 types of amino acids are L-amino acid and the rest are D-amino acid, and they can be 
manufactured by chemical synthesis. 

An example of the preparation method of the tripeptide in this invention is listed below. 

Method by the hydrolysis of a milk serum protein 

A milk serum protein is hydrolyzed by using a protease, and a water-soluble milk serum 
protein originating peptide mixture was prepared. During this, a hydrolysis of the milk serum 
protein in a condition in which it was dispersed or dissolved in a liquid, such as water, for 
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example, is desirable from the viewpoints of easy operation, yield of the target product, and 
purity. 

As the protease, a protease that reacts in acid is desirable, and, the use of an aspartic 
protease having the aspartic acid residue and the carboxylic acid ion of the aspartic acid related 
to the activity center of the enzyme is particularly desirable. Examples of such a protease include 
pepsin and orange polyporus-originating aspartic protease, Aspergillus-originating aspartic 
protease, and Penicillium originating aspartic protease. Pepsin and the Aspergillus-originating 
aspartic protease in particular are desirable at the point of obtaining the target product at a high 
yield. Only 1 kind of protease can be used, or several types can be used in combination as long 
as there is no negative effect extended among the proteases. When using several types of 
proteases, said several proteases can be simultaneously present and hydrolyzed, or 1 kind may be 
successively hydrolyzed at a time. The protease may be used in a free or stabilized state. The 
ideal amount of the protease that is used in all cases is about 5000-100,000 units per 100 g of dry 
glutene. 

The protease activity (unit) in the specifications here is entirely measured by the method 

below. 

Measurement method of the protease activity 

Using a 1% Hammerstein casein solution manufactured by US Melk Co. as the matrix, it 
was measured by the Anthon-Hagiwara [transliteration] Modified Method (Edited by Shiro 
Akabori, "Enzymatic Research Method," Vol. 2, Page. 237 (published on January 10, 1961 from 
Asakura Books)). The reaction was held at 30°C for 30 rnin, and the amount of enzyme required 
for isolating tyrosine in an amount equivalent to 1 (ig in 1 min was established as 1 unit. 

It is desirable to select the conditions for the optimal pH, temperature, protease amount, 
processing speed, and the processing time, etc., of the protease process according to various 
circumstances (for example, the type of protease, the form of protease used, etc.). When using 
the protease listed above, for example, a hydrolysis may be performed at a pH of about 1.5-5.0 
and a temperature of about 30-50°C until the dissolution ratio into a 0.75M trichloroacetic acid 
reaches about 40-70%. 

At the point of reaching the target state of hydrolysis, the protease was inactivated by 
heating and/or adjusting the pH, the inactivated enzyme and insoluble solids, such as the milk 
serum protein that had not decomposed, for example, were separated and eliminated by a proper 
measure, such as centrifugal separation, for example, and a peptide mixture contained in the 
residue solution was collected through drying, for example. 

Successively, this peptide mixture in a condition in which it is dissolved in water, for 
example, was separated and purified through a membrane fraction, ion-exchange fraction, and a 
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gel filtration fraction, for example. This was furthermore processed through high-speed liquid 
chromatography (high-speed liquid chromatography using a reverse-phase column, for example), 
for example, and the aforementioned tripeptide was isolated in a pure form. 

The separation and purification of an aqueous solution containing the aforementioned 
peptide mixture and the isolation of a tripeptide can be obtained by a method consisting of (a)-(f) 
processes below. 

(a) The pH of the water solution containing the peptide mixture was adjusted to about 
3.0-5.0; this was run through ion-exchange chromatography (passing through a column packed 
with SP-Toyoperal 550 C manufactured by Toso K.K., for example), the component which had 
adsorbed onto this chromatography was eluted by a aqueous NaCl solution having a linear 
concentration gradient from 0M to 0.5M, and fractions having a high inhibition activity 
(fractions in which the concentration of the NaCl water solution was eluted within a range of 
about 0.4-0.5M) were collected from the fractions that were obtained. 

(b) The aforementioned fractions having a high inhibition activity were processed by a 
molecular filtration (passing through a column packed with Biogal P-2 manufactured by BioLad 
Co., for example), and were furthermore eluted and separated into several fractions by distilled 
water, and fractions having a higher inhibition activity were collected from them. 

(c) The fractions collected by the aforementioned (b) were passed through a high-speed 
liquid chromatography (ODS-120T manufactured by Toso K.K., for example), the components 
which were adsorbed were eluted by a linear concentration gradient eluent, which was a mixed 
solution of a 0.1% aqueous trifluoroacetic acid solution (solution A) and a 0.1% aqueous 
trifluoroacetic acid solution containing 50% acetonitrile (solution B), in which the concentration 
of solution B in the mixed solution increases linearly from 0% to 100%, a high adsorption peak 
appeared in the section of the eluent within a range of about 20-22% of the concentration of 
acetonitrile, and the ACE inhibition activity of this fraction was measured and confirmed, and 
collected. 

(d) The aforementioned process (c) was repeated if necessary. 

■(e) The solvent was eliminated through drying, for example, from the fraction obtained 
through process (d), a white solid content was collected, and 

(f) The amino acid sequence of the product obtained as the aforementioned white solid 
was checked by using a gas-phase protein sequencer (PSQ-I system) manufactured by Shimazu 
Seisakusho, for example, and the tripeptide consisting of Leu-Lys-Pro was confirmed. 

Also, the following method can also be adopted, for example, when manufacturing the 
tripeptide in this invention through a chemical synthesis. 
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Chemical synthesis method of the tripeptide in this invention 

It was synthesized using a peptide synthesis device (Biolynx 41 70 manufactured by 
Pharmacia Co (Sweden)). Concretely, after condensing the Fmocproline with a polyamide resin, 
that Fmoc radical was removed, the terminal amino acid was isolated, the Fmoc lysine was 
condensed with this free amino acid; then, the Fmoc radical was eliminated, and Fmoc-leucine 
was also condensed, the Fmoc radical was eliminated, and a peptide protected by the 
aforementioned resin was formed. This was reacted with a 95% aqueous trifluoroacetic acid 
solution at room temperature for 60 minutes and the resin was separated, and the resin was 
eliminated through filtering. After eliminating the trifluoroacetic acid water solution under 
reduced pressure, the residue was dissolved in 0.1N acetic acid, that solution was passed through 
a high-speed liquid chromatography (ODS-120T), impurities were eliminated, and Leu-Lys-Pro 
at a high purity was isolated. 

The ACE inhibitor in this invention can be administered to humans and various types of 
animals, and a significant lowering of blood pressure and a control of its raising can be attained 
through a dosage in a small amount. 

The satisfactory dosage of the ACE inhibitor in this invention is different according to 
various types of conditions, such as the age, weight, sex, and conditions of the humans and 
animals and the type of animal, etc., for the administration. 

Then, the ACE inhibitor in this invention can be administered through both oral and 
nonoral administrations. Furthermore, it can be administered independently, or may be 
administered together with a solid support and a liquid support which are generally used in the 
pharmaceutical industry. Or, it can be used mixed together or combined together with other 
substances. Also, possible administration forms include any optional forms including tablets, 
round tablets, granulars, capsules, dispersing agents, aqueous solutions, and injection agents, etc. 

Furthermore, the ACE inhibitor in this invention may be added into foods and feeds or 
can be administered together with them, and L-Leu-L-Lys-L-Pro which originates from a natural 
protein is ideal in that case. 

This invention will be concretely explained in an example below; however, this invention 
should not be limited by it. 

Application example 

After dispersing and dissolving 5 g of milk serum protein (ALACEN 132 by Nippon 
Protein K.K.) in 100 mL of a 0.03N hydrochloric acid, distilled water was added to a total 
volume of 200 mL. After adjusting the pH to 2.0 by adding IN hydrochloric acid, 5000 units of 
pepsin (manufactured by US Sigma Co.) were added, and reacted at 37°C for 15 h. Next, after 
adjusting the pH to 4.4 by the 5N aqueous sodium hydroxide solution, 1000 units of alpaltic 
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[transliteration] protease originating from Aspergillus (Protease M manufactured by Amano 
Pharmaceutical Co.) were added, then reacted at 45°C for 5 h. Successively, after adjusting the 
pH to 6.0 with the 5N aqueous sodium hydroxide solution, [the solution was] heated to 90°C for 
20 min and the enzyme was inactivated, and the undissolved substances were precipitated. After 
cooling to room temperature, solid contents were separated and removed through a centrifugal 
separation of 10,000 G for 20 min. The supernatant was collected, freeze-dried, and 4.0 g of a 
peptide mixture were obtained. 

500 mg of the aforementioned peptide mixture obtained were dissolved into 50 mL of a 
5mM acetic acid buffer solution; then, the pH was adjusted to 3.5 by the IN hydrochloric acid. 

This was passed through an ion-exchange chromato-column packed with 40 mL 
SP-Toyopearl 550C manufactured by Toso K.K. in a column with a diameter of 1 6 mm and a 
length of 200 mm at a flow rate of 1 .0 mL/min, the components that were adsorbed onto this 
chromato-column were eluted from the column by running 120 mL of an eluate consisting of the 
aqueous NaCl solution having a linear concentration gradient of 0M to 0.5M at a flow rate of 
1 mL/min, fractions having a high inhibition activity in the area of 0.4-0.5M in the concentration 
of the aqueous NaCl solution were obtained, and they were collected. 

Successively, the aforementioned fractions were passed through a column (diameter of 
the column is 16 mm, and the length is 1000 mm) packed with 200 mL of Biogal P-2 
manufactured by BioLad Co. at a flow rate of 0.33 mL/min, processed by a molecular filtration, 
eluted with distilled water next, and fractions having a high inhibition activity were collected 
from them. 

After passing the aforementioned fractions through a high-speed liquid chromatograph 
ODS-120T manufactured by Toso K.K. at a flow rate of 1 mL/min, the components that were 
adsorbed were eluted by running an eluate, which was a mixed solution of a 0.1% aqueous 
trifluoroacetic acid solution (solution A) and a 0.1% aqueous trifluoroacetic solution containing 
50% acetonitrile (solution B), and has a linear concentration gradient in which the concentration 
of solution B in the mixed solution increased linearly from 0% to 100%, at a flow rate of 
1 mL/min, the concentration of the acetonitrile had a high inhibition acti vity in the section of the 
eluate of 20-22%, these fractions were collected, and this high-speed liquid chromatography 
processing was repeated again. 

The solvent was dried and eliminated from the fractions that were obtained, and 1200 ^ig 
of a white solid content were obtained. The amino acid sequence of this white solid content was 
checked by using a vapor phase type protein sequencer manufactured by Shimazu Seisakusho 
(PSQ-1 system), L-Leu, L-Lys, and L-Pro successively isolated from the N terminal. Through 
this, the tripeptide expressed by equation HL-Leu-L-Lys-L-ProOH was confirmed. 
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The ACE inhibition activity of the tripeptide prepared above and the existing ACE 
inhibiting peptides were measured by the method below, and the results indicated in the table 
below were obtained. 

Measurement method of the ACE inhibiting activity of peptides 

50 nL of the sample solution were put in a test tube, 20 |iL of the ACE solution (1 unit of 
ACE originating from a rabbit lung manufactured by US Sigma Co. was dissolved in 5 mL 
water) were added to this. After maintaining this at 37°C for 5 min, the substrate (5 mM 
Hip-His-Leu: pH 8.3) was added, and reacted at 37°C for 30 min. Successively, 1 mL of a 0.3M 
aqueous sodium hydroxide solution was added, and the reaction was stopped. 100 |iL of a 
fluorescent test drug orthophthalaldehyde solution was added, and reacted at room temperature 
for 10 min. Next, 200 mL of 3N hydrochloric acid were added, and diluted 50 times with 
distilled water. The fluorescent intensity (A) at the excitation wavelength of 300 nm and the 
fluorescent wavelength of 490 nm were measured by a spectrofluorophotometer after about 
30 min. 50 jiL of distilled water were similarly processed instead of the sample solution, and the 
fluorescent intensity (B) was measured. 

The inhibition activity can be obtained by B-A/B. 

Changing the concentration of the sample solution, the inhibition activity was measured 
in the same aforementioned manner, the concentration for inhibiting 50% of the activity was 
obtained and this was expressed as IC50. 



@J ^ y 9 K ICQdp 

H-L-Leu-L-lys-L-Pro-OH (3, 2.2- 
— v * # r v *>x — 9 - 

y 2 * — v * t > — 9 — 




Key: 1 (The ACE inhibition activity ( 1 C 5 o) of peptide) 

2 Peptide 

3 (This invention) 

4 Brady kinin potentiator B 

5 Bradykinin potentiator C 
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From the results in the aforementioned table, it can be understood that the ACE inhibitor 
in this invention is a solution with a very low concentration when compared to the existing ACE 
inhibitors bradykinin potentiators B and C, in other words, IC50 can be attained in a very small 
amount of use, and the ACE inhibition activity is very high. 

Effect of the invention 

The ACE inhibitor in this invention inhibits the ACE activity and attains a lowering of 
the blood pressure and a control of the raising of the blood pressure through its administration in 
a very small amount. 

The ACE inhibitor in this invention is also in the form of a white water-soluble powder; 
therefore, it can be very easily administered either through oral administration or nonoral 
administration directly or while being dissolved in water, for example. 

Moreover, the new tripeptide Leu-Lys-Pro in this invention is a low-molecular-weight 
compound having a very simple structure where only 3 amino acids are arranged, which can be 
easily manufactured through a chemical synthesis as well. Moreover, it displays an excellent 
adsorptivity in the body and a high-blood-pressure lowering action when administered. 



I 
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1 .Tit!e:New Peptide and Angiotensin converting enzyme-inhibitor 

2. Range of Patent petition 

1) Peptide Leu-Lys-Pro and its salt 

2) Angiotensin converting enzyme-inhibitor from peptide Leu-Lys-Pro and its salt. 

3. Description of invention 
(Extent of commercial use) 

This invention is about angiotensin converting enzyme-inhibitor from new peptide Leu-Lyn-Pro, existing 
one, and their salt. * to 

(Former technique) 

Renin-angiotensin system (r-a) is one of the factors of hypertension. Kallikrein-kinin system (k-k) is one of 
the factors of antihypertension. Angiotensin converting enzyme (ACE) takes part in both of them. In r-r in 
blood, renin from kidney produces angiotensin^ decapeptide, with angiotensinagen. When angiotensin 
reacts with ACE., it produces angiotensin!! that contracts peripheral blood vessel and promotes aldosterone 
from adrenal cortex. Aldosterone makes kidney reabsorb sodium and increase body fluid to increase blood 
pressure. 

On the other hand, in k-k, kininogen reacts kallikrein to release kinin that expands peripheral blood vessel, 
activates phospholipaseA2, and accelerates synthesis of prostaglandin to reduce blood pressure. 
However, when ACE reacts to r-a, ACE breaks and deactivates kinin. Therefore, if ACE inhibitor exists, it 
is possible to suppress producing angiotensin!! and breaking kinin. 

Recently some researches have indicated special peptides made from nature and synthesis inhibit ACE. 
Natural ACE inhibiting peptides: 

-From pit viper: bradykinin potentiater B (Pyr-Gly-Leu-Pro-Pro-Arg-Pro-Lys-Ile-Pro-Pro) 
bradykinin potentiater C (Pyr-Gly-Leu-Pro-Pro-Gly-Pro-Pro-!le-Pro-Pro) 
(H.Kato and T.suzuki, Biochemistry, 10, P.972 T 1971) 
-From milk casein: Phe-Phe-Val-Ala-Pro-Phe-Pro-Glu-Vai-Phe-Gly-Lys(patent pub.#6023085) 
Phe-Phe-Val-Ala-Pro(patent pub,#5944323) 

Thr-Thr-Met-Pro-Leu-Trp(patentpub.#0220263) - - 

Ala-Val-Pro-Tyr-Pro-Gln-Arg 
-From fish protein: Tyr-Lys-Ser-Phe-Ile-Lys-Gly-Tyr-Pro-Val-Met 

Pro-GIu-Glu-GIu-Pro-His-Val-Leu 
-From corn y-zein: Leu-Pro-Pro 

Val-His-Leu-Pro-Pro 

Val-His-Leu-Pro-Pro-Pro 
Most of the peptides are more than 5 chains of amino acid. 

(Content of the invention) 

As the result of the inventor's research, he has invented that he can extract new peptide from hydrolyzed 
whey protein that inhibits ACE. 

This invention is the amino acid sequence, Leu-Lys-Pro, and its salt. * 
This invention includes ACE inhibitor. 

The ACE inhibiting peptide is found after hydrolysis of whey protein with proteinase. These 3 amino acids 
are all L-Amino acids, bur optical isomer is not matter if tripepetide that has all 3 amino acid is used. 



These amino acids can be even produced by synthesis from tripeptide of D-amino acid that has one or two 
L-amino acid. 



The materials for hvdrolvzing whev protein 
-Whey protein solution w/distilled water 
-Proteinase for acid condition 

Aspartic proteinase: from pepsin; Aspergillus; Penicillium. 

Best if use one from pepsin or Aspergillus. 

The proteinase can be mixed with others before and after adding to the whey solution. 
The condition of the proteinase is ether free or fixed. 

The concentration of the proteinase5,00(M 00,000 units per lOOg gluten powder. 
The method of measuring proteinase activity 
-Use 1% solution of hammer stain casein (Meik, U.S.) 

-Use Anson-Hagiwara Method (S. Akahori, "Enzyme Research Method", No.2, p. 237, 1/10/1961, Asakura 
Book) 

-1 unit=the amount of enzyme to extract lpg of tyrosine per lmin. at 30C for 30 min. 

The method of hydrolysis 

1 . pH about 1 .5-5.0; temp, about 30-50C. 

2. Hydrolyzing until 40-70% of the solubility of 0.75M trichloroacetic acid. 

3. Use heat or pH adjust to deactivate the proteinase, and centrifuge it to remove undisolved whey 
protein. 

4. Dry the peptide solution, and collect the powder. 

5. Reconstitute the powder. 

6. Purify the tripeptide by using membrane, ion exchange, gel filtration, and extract the tripeptide with a 
reverse column of HPLC. 

a. Adjust pH3. 0-5.0, and adsorb tripeptide with ion exchange chromatography (resin: Sp-Toyopearl 
550C). 

b. Desorb the component by using NaCl solution from OM to 0.5M as linergradient, and collect high 
ACE inhibitor which comes out when NaCl solution is 0.4M-0.5M. / 



c. Purify the solution with Bio-Rad Biogel P-2 column and distilled watfer. 

d. Use HPLC(ODS-120T, Toso, Inc.) to absorb the solution, and desorb the peptide with mixture of 
0.1% trifluoroacetic acid (A)and 0.1% trifluoroacetic acid that of 50% is acetonitrile (B). 

e. Use liner gradient method that the amount of (B) increases gradually from 0% to 100%, and there 
is high concentration of ACE inhibiting activity when the concentration of acetonitrile is 20 to 
22%. 

f. Repeat above procedure as many as it needs, and dry it. 

g. Use protein sequencer (PSQ-1 system, Shimazu Manufacture) to confirm that tripeptide consist of " 
Leu-Lys-Pro. 

The method of tripeptide synthesis 

-Use peptide synthesis instrument (Biolynx 4170, Falmashia, Sweden). 
-Condense Fmoc»proline on polyamide resin and remove Fmoc group from it. 
-Condense Fmoc»lysine on free amino group, and remove Fmoc group. 
-Condense Fmoc« leucine on it, and remove Fmoc group. 

-Remove the resin from the peptide by using 95% trifluoroacetic acid at room temp, and remove 
trifluoroacetic acid by vacuum. 

-Mix with 0.1N acetic acid, and extract Leu-Lys-Pro with HPLC(ODS-120T). 




Conclusion 



This ACE inhibitor can be used small amount for humans and animals to decrease blood pressure and 
prevent hypertension. The amount of it is depend on age, weight, gender, symptom, and kind of animal arid 
humans. It is possible to take it orally or not and to mix with liquid or solid carrier or without. It can be 
mixed with other medicines, and can be form of tablets, powder, capsules, injections. Natural ACE 
inhibitor, L-Leu-L-Lys-L-Pro, can be added to food and animal feed. 

Example 

-Dissolve 5g of whey protein (ALACEN 132,Nihon Protein, Inc.) into 100ml of 0.03N HCI, and add 
distilled water up to 200ml. 

-Adjust pH 2.0 with IN HCI, and react with 5000units of pepsin (Sigma) at 37C for 15 hours. 
-Adjust pH 4.4 with 5N NaOh, and react with 1000 units of Alpaltic Proteinase (ProteinaseM, Amano 
Pharmaceutical, Inc.) at45C for 5 hours. 

-Adjust pH 6.0 with 5N NaOh, and heat at 90C for 20 min. to deactivate enzyme and precipitate non- 
dissolve materials. 

-Cool down the liquid temp., and centrifuge it at 10000G for 20 min. to remove solid materials. 
-Collect the supernatant, and freeze dry to get 4.0g of powder. 

-Dissolve 500mg of the powder into 50ml of 5mM acetic acid buffer, and adjust pH 3.5 with IN HCI. 
-Run this solution into the column, l6mmX200mm, with 40ml of SP-Toyopearl 550C (Toso, Inc.) at 1.0ml 
per min. of flow, and run 120ml of NaCl solution by using liner gradient method from 0M to 0.5M at 1ml 
per min. of flow. 

-Collect high fraction of ACE inhibitor at 0.4-0.5M NaOh, and use the column, 16mmX1000mm s with 
200ml of Biogel P-2 (Bk>Rad) at 0,33ml per min. of flow to filter. 
-Run distilled water to collect eluent. 

- Use HPLC(ODS-120T, Toso, Inc.) to absorb the solution, and desorb the peptide with mixture of 0. 1 % 

trifluoroacetic acid (A)and 0.1% trifluoroacetic acid that of 50% is acetonitrile (B). 

-Use liner gradient method that the amount of (B) increases gradually from 0% to 100%, and there is high 

concentration of ACE inhibiting activity when the concentration of acetonitrile is 20 to 22%. 

-Repeat above procedure, and dry it. 

-Collect 1200ng of powder, and use protein sequencer (PSQ-1 system, Shimazu Manufacture) to confirm 
that tripeptide consist of H»L-Leu-L-Lys-L-Pro»OH. 

The method of ACE inhibiting activity for the peptide 

-Mix 50^1 of the peptide solution with 20jal of ACE solution (mix 1 unit of ACE from rabbit lung of Sigma 
with 5ml of distilled water), and heat at 37C for 5 min. 

-Add the substrate (5mM Hip-His-Leu : pH8.3), and heat at 37C for 30 min., and add 1ml of 0.3M NaOh to 
stop the reaction. 

-Add 1 00^1 of ~orthopfitfialate~aldeh"yde7 fluorescent tester rand react at foomtemp. for 10 min. 
-Add 200ml of 3N HCI, and dilute 50 times with distilled water. 

-After 30 min., measure the fluorescent intensity of the solution (A) at 300^im of excited wave and 490jim 
of fluorescent wave, and the fluorescent intensity of control sample without the peptide is (B). 
-Inhibiting activity formula: B-A/B 

-Adjust the activity to 50% by changing the concentration of the peptide. 



(ACE inhibiting activity (IC50)) 



Peptide 


IC50(uM) 


H«L-Leu-L-Lys-L-Pro«OH 


2.2 


bradykinin potentiater B 


6.4 


bradykinin potentiater C 


29.0 



-The result shows that the small amount of the ACE inhibiting peptide invented can reach to 1C50 that 
means high ACE inhibiting activity. 



(Effect of invention) 

- This ACE inhibitor can be used small amount to decrease blood pressure and prevent hypertension It 
is easy to take it orally or not, because this white powder can be dissolve in water, etc 

- ACE inhibitor, Leu-Lys-Pro, is simple structure, 3-amino acid chain; therefore, it 'is also easy to 
produce this peptide by synthesis and to absorb into body. 

Applicant: Nisshin Flour Product 
Patent attorney; Chika Takagi 



